BACKGROUND/OBJECTIVES: Weight management medications increase the likelihood that patients will achieve clinically meaningful improvements in cardiovascular, metabolic and other weight-related measures of health. However, the weight loss achieved with any weight management intervention can vary widely among individuals, and patients who do not respond to pharmacotherapy by achieving clinically meaningful weight loss should discontinue therapy. We characterized 1-year weight loss in the phase 3 clinical trial program of the weight management medication, naltrexone/bupropion 32/360 mg (NB), as well as the relationship between early weight loss and long-term weight loss, particularly with respect to participants who achieved the clinically recommended threshold of ⩾ 5% weight loss by Week 16. PARTICIPANTS/METHODS: Data from participants from each of the four phase 3, randomized, placebo-controlled, 56-week clinical trials with NB were pooled (modified intent-to-treat population; NB N = 2043, Placebo N = 1319). This exploratory analysis examined the relationship between participant achievement of various weight loss thresholds early in treatment (at Week 8, 12 or 16) and the associated weight loss at Week 56 (Completers population; NB N = 1310, Placebo N = 763). RESULTS: In the NB participants who completed 1 year of treatment, weight loss of at least 5% at Week 16 (n = 873) was associated with least-squares mean weight loss of 11.7% at Week 56 and 85% of these participants had Week 56 weight loss of ⩾ 5%. Eighty percent (95% confidence interval: 78-82%) of the participants who would, and would not, achieve ⩾ 5% weight loss at Week 56 were correctly identified using the clinically recommended threshold of ⩾ 5% at Week 16. Safety and tolerability of NB was similar to previously published reports. CONCLUSIONS: Participants who meet the Week 16 threshold of ⩾ 5% weight loss are likely to maintain clinically significant weight loss after 1 year of treatment. Further evaluations are required to evaluate improvements in measures of cardiovascular and metabolic risk.
INTRODUCTION
Lifestyle intervention is the foundation of weight loss and weight management, but additional treatment modalities are often required to produce adequate weight loss. 1, 2 Weight management medications are appropriate treatment options for individuals who are overweight or obese and have been unable to achieve weight loss with lifestyle intervention alone. When combined with a reduced-calorie diet and increased physical activity, weight management medications can facilitate achievement and maintenance of clinically meaningful weight loss (that is, weight loss of at least 5%) and lead to corresponding improvements in cardiovascular and metabolic risk factors. 3, 4 However, as with lifestyle intervention, not all patients respond to weight management medication with clinically meaningful weight loss, likely owing to individual variability in efficacy, tolerability, safety and patient persistence. 4 Exposure to any medication carries some measure of risk; therefore, early identification of long-term treatment responders (patients likely to achieve clinically meaningful weight loss of at least 5% at 1 year) and non-responders (patients unlikely to achieve clinically meaningful weight loss) can mitigate unnecessary drug exposure in patients unlikely to experience weight loss. Weight loss in the first few months of initiating lifestyle intervention, as well as the first few months of the weight loss medications orlistat or sibutramine (withdrawn from the market in 2010), is associated with weight loss for up to 2 years. [5] [6] [7] Thus, given the relationship between early and long-term weight loss, prescribing information for the weight management medications lorcaserin and phentermine/topiramate extended release (ER), both approved in the United States (US) in 2012, includes evaluation of patient weight loss after 12 weeks of therapy at full dose, and guidance for either drug discontinuation (lorcaserin), or possible dose escalation with subsequent treatment cessation if early weight loss thresholds are not reached (phentermine/ topiramate ER). 8, 9 Naltrexone ER 32 mg/bupropion ER 360 mg (NB) is a weight management agent approved (Contrave in the US (September 2014) and Mysimba in the European Union (March 2015)) as an adjunct to a reduced-calorie diet and increased physical activity in obese and overweight adults. 10 In four randomized, controlled, phase 3 clinical trials, participants taking NB were approximately three to five times more likely to achieve clinically meaningful weight loss at Week 56 as participants taking placebo. [11] [12] [13] [14] As with other recently approved weight loss medications, 8, 9 the prescribing information for NB includes an evaluation of weight loss after treatment with the maintenance dose (32 mg naltrexone ER/ 360 mg bupropion ER) for 12 weeks, which, in conjunction with a 4-week dose-escalation period, means the assessment should occur approximately 16 weeks after initiation of treatment. 10 The purpose of this investigation was to evaluate early weight loss with NB as a predictor of clinically meaningful long-term weight loss. Pooled, participant-level data from the phase 3 NB development program was used to evaluate early weight loss with NB as a predictor of achievement of long-term (Week 56) weight loss of ⩾ 5%.
PARTICIPANTS AND METHODS

The phase 3 (COR) program
The Contrave Obesity Research (COR) program comprised four multicenter, randomized, double-blind, placebo-controlled phase 3 clinical trials designed to evaluate the efficacy and safety of NB over a 56-week period ( Table 1 . Briefly, the COR-I clinical trial compared the efficacy and safety of placebo with two doses of NB: the approved 32 mg naltrexone ER/360 mg bupropion ER daily dose (NB), and a lower dose of 16 mg naltrexone ER/360 mg bupropion ER (NB16). 11 The present analysis excluded participants randomized to the NB16 dose. The COR-II clinical trial also evaluated the efficacy and safety of the approved NB dose; however, if participants randomized to NB did not achieve or maintain at least 5% weight loss at any time from Week 28 to Week 44, they were re-randomized to either NB or 48 mg naltrexone ER/360 mg bupropion ER (NB48). 12 Because there was no significant difference in weight change following re-randomization to NB48 versus NB, the analysis was based on observed values from these participants regardless of NB dose following re-randomization. COR-DM evaluated the approved NB dose for the treatment of overweight or obesity in participants with type 2 DM.
14 In COR-I, COR-II and COR-DM, participants received information on standard lifestyle intervention periodically from personnel at the study sites, consisting of instructions to follow a hypocaloric diet (500 kcal per day deficit) and increase physical activity, as well as limited behavioral modification advice. The COR-BMOD clinical trial evaluated NB or placebo in combination with an intensive program of diet, exercise and behavior modification therapy (BMOD), which consisted of 28 sessions delivered to groups of 10-20 participants by registered dietitians, behavioral psychologists or exercise specialists. 13 Assessments (including body weight measurement) were conducted at each visit (Day 1 and every 4 weeks). Baseline weight was considered the weight obtained prior to initiating study treatment on Day 1. The primary end points in COR-I, COR-BMOD and COR-DM were the percent change in weight from baseline to Week 56 and the percentage of participants achieving at least a 5% reduction in weight from baseline to Week 56. In COR-II, the primary end point was percent change in weight from baseline to Week 28 and percentage of participants achieving at least 5% reduction in weight from baseline to Week 28, although the clinical trial continued for 56 weeks. Efficacy analyses were performed on the modified intent-totreat population (mITT, participants with a baseline and at least one postbaseline weight measurement while on study treatment with lastobservation-carried-forward imputation of missing data; NB N = 2043, Placebo N = 1319) and Completers population (participants who had a baseline and Week 56 weight measurement while on study treatment; NB N = 1310, Placebo N = 763). Adverse event (AE) frequency was compared between NB and placebo for the completer analysis set. Detailed safety assessments were previously reported for each trial. [11] [12] [13] [14] Data analyses
The purpose of this exploratory analysis was to examine, among participants who received NB, the relationship between achievement of various early (Weeks 8, 12 or 16) weight loss thresholds in the four phase 3 clinical trials and the associated weight loss at the end of the trials (Week 56).
For the evaluation of each early weight loss threshold, responders were defined as participants who lost at least 2, 3, 4 or 5% of baseline weight at Weeks 8, 12 or 16. Non-responders were defined as participants who either gained weight or who did not achieve the responder threshold of 2, 3, 4 or 5% weight loss at a given time point. No imputation was used for early weight loss threshold values, and participants without an observed weight loss value at a given early threshold were considered non-responders for that analysis. These weight loss response thresholds were chosen based on current guidelines for use of the weight management medications 8, 9, 15 and evidence that 5% weight loss is associated with clinically meaningful improvements in cardiovascular and metabolic risk factors. [16] [17] [18] For analyses examining the relationship between participant achievement of these various early treatment weight loss thresholds and the associated weight loss at Week 56, only data from the Week 56 Completers population were used (that is, those participants that were on study treatment at Week 56). There were some participants in the Completers population who did not have a Week 56 weight assessment. In those rare instances, the percent change in weight loss at Week 56 was imputed using LOCF methodology.
Week 56 weight loss and weight loss by visit were calculated for each of the early responder and non-responder thresholds, along with the proportion of responders and non-responders who achieved at least 5, 10 and 15% weight loss at Week 56. Week 56 weight loss for the combined phase 3 mITT and Completers populations was calculated using general linear models (analysis of covariance) that included factors for treatment and study and baseline weight as a covariate. 
RESULTS
Evaluation of weight loss with NB compared with placebo in the phase 3 clinical trials Baseline demographics and characteristics of participants who completed the phase 3 clinical trials were similar for placebo and NB treatment groups ( Table 2) . Weight loss by visit in the combined phase 3 clinical trials was greater for participants who completed the study (NB = 1310, placebo = 763) than for the mITT primary analysis population (NB = 2043, placebo = 1319, Figure 1a) . Week 56 least-squares mean weight loss for the combined phase 3 mITT population was 7.0% (s.e. 0.2%) for the NB group and 2.3% (s.e. 0.2%) in the placebo group (P o 0.001). NB completers lost 8.8% (s.e. 0.2%) of baseline body weight and placebo completers lost 3.1% (s.e. 0.3%) over 56 weeks (P o 0.001). In both the mITT and completer analysis populations, a greater number of NB-treated participants achieved at least 5% weight loss at Week 56 compared with placebo ( Figure 1b) .
Assessment of early weight loss thresholds in NB-treated completers for the identification of Week 56 responders
In general, greater initial weight loss with NB in clinical trial completers (that is, mean weight loss achieved at any given early responder evaluation threshold) was associated with greater mean weight loss at Week 56 (see Supplementary Table 1 , which presents the proportion of NB completers who achieved (responders) or did not achieve (non-responders) weight loss thresholds of 2, 3, 4 and 5% at Weeks 8, 12 and 16, and the Week 56 weight loss observed in each group). Because all participants in the NB phase 3 clinical trials were allowed to continue study treatment regardless of their early weight loss, these clinical data also allow for an assessment of a range of early weight loss thresholds to correctly predict 5% responder status at Week 56 (Table 3) . NB is initiated with a 4-week dose-escalation period; therefore, the threshold of ⩾ 5% weight loss at Week 16 was chosen as the threshold most representative of the evaluation recommended in the prescribing information (that is, assessment for ⩾ 5% weight loss after 12 weeks of therapy with maintenance dose).
In Table 3 , participants who either achieved an early threshold and went on to achieve 5% weight loss at 1 year or those who failed the early threshold and did not achieve 5% weight loss at 1 year, are both considered 'correctly identified' and combined into a single group as a measure of prediction accuracy. Data are presented separately for those who would have stayed on drug for 1 year and not achieved 5% weight loss at 1 year ('unjustified exposure'), and those who did not achieve the early threshold but did achieve the long-term 5% weight loss goal ('missed opportunity').
The clinically recommended threshold of ⩾ 5% at Week 16 correctly identified 80% (95% CI: 78-82%) of the participants who would, and would not, achieve ⩾ 5% weight loss at Week 56. The 20% of participants who would not have been correctly identified using this criterion were divided nearly equally among those who would have been inappropriately removed from treatment due to insufficient weight loss at Week 16 (that is, despite ultimately achieving ⩾ 5% at Week 56; n = 125) and those who would have inappropriately continued study treatment for 1 year (that is, participants who achieved the ⩾ 5% at Week 16 threshold but did not achieve ⩾ 5% weight loss at Week 56; n = 132). Of note, nearly all participants re-randomized to received either NB32 or NB48 owing to insufficient early weight loss in the COR-II trial also did not achieve at least 5% weight loss at Week 56 (95% and 97%, respectively). Thus, even if all participants who received NB48 were defined conservatively as Week 56 non-responders, the correctly identified proportion with Week 16 ⩾ 5% remained identical at 80%.
The COR clinical trials included diverse cohorts of patient types and background therapies, which will influence weight loss. Yet, when evaluating the early responder thresholds in only participants with type 2 diabetes (COR-DM), in only participants without type 2 diabetes receiving intensive behavioral modification therapy (COR-BMOD) and in only participants without type 2 diabetes receiving standard lifestyle therapy (COR-I/COR-II), a similar pattern emerged in which the ⩾ 5% at Week 16 threshold appeared to offer the best overall prediction for each clinical trial and participant type (Supplementary Table 2 ).
Week 56 weight loss in completers who achieved 5% weight loss at Week 16 We evaluated attainment of the clinical recommendation for 5% weight loss at Week 16 in the clinical trial program, as well as the weight loss in early responders who completed 56 weeks of treatment (that is, those expected to continue treatment with NB in clinical practice). A greater proportion of NB-treated participants achieved weight loss of at least 5% at Week 16 compared with placebo ( Figure 2a ; 51% (n = 1038) of NB participants and 19% (n = 254) of placebo participants in the mITT population). Moreover, 87% (903/1038) of these NB-treated responder participants continued treatment for 1 year, while 13% (135/1038) did not. For comparison, 81% (206/254) of the placebo-treated responder participants continued treatment for 1 year, while 19% (48/254) did not. These NB responder/completer participants exhibited an least-squares mean Week 56 weight loss of 11.7%, with 85%, 57% and 32% achieving at least 5%, 10% and 15% weight loss, respectively, at Week 56 (Figures 2b and c) , which was consistently greater than that observed in placebo participants who exhibited at least 5% weight loss after 16 weeks. Furthermore, weight loss in placebo reached an apparent nadir at Week 26, while no clear nadir was identified over the 56-week period in responder participants who received NB (Figure 2b ). Individual ; Obesity Class I = BMI ⩾ 30 and o35; Obesity Class II = BMI ⩾ 35 and o 40; Obesity Class III = BMI ⩾ 40.
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Week 56 weight change for all responder/completers is shown in Figure 2d . Of NB responder/completers, 85% (95% CI: 82-87%; 741/873) of NB-treated patients who had 5% weight loss at Week 16 also had 5% weight loss at Week 56. As a conservative sensitivity analysis, if it were assumed that the 13% of NB-treated participants who were Week 16 responders, but did not complete the study, were all included in the analysis as participants who did not maintain 5% at 1 year, then 71% (95% CI: 69-74%; 741/1038) would be the estimate of participants who had 5% weight loss at Week 16 and also had 5% weight loss at Week 56. For comparison, a similar conservative sensitivity analysis with the placebo-treated participants estimates that 56% (95% CI: 50-62%; 142/254) of placebo participants who had 5% weight loss at Week 16 and also had 5% weight loss at Week 56.
The pattern of 56-week weight loss for the NB Week 16 ⩾ 5% weight loss responders was similar across the phase 3 trials (Supplementary Figure 1) . In general, responders in the COR-BMOD clinical trial, which included an intensive lifestyle intervention, exhibited greater mean Week 56 weight loss than responders in the COR-I/COR-II clinical trials, and NB responders in the COR-DM clinical trial, which included only participants with type 2 diabetes, exhibited less weight loss. Despite these mean differences in weight loss across trials, the ⩾ 5% at Week 16 weight loss threshold was similarly predictive of ⩾ 5% weight loss at Week 56 (Supplementary Table 2 ).
Week 56 weight loss in NB-treated completers who did not achieve 5% weight loss at Week 16 Least-squares mean percent change in weight at 1 year in NB-treated participants who did not achieve the 5% threshold at 16 weeks was 2.65% (s.e. 0.25; n = 437). Also, 10% of NB-treated completers did not achieve a 5% weight loss at 16 weeks, but subsequently achieved a 5% weight loss at 1 year (Table 3 . 'Responder removed from treatment'), which represents 30% of the NB Week 16 non-responder population.
Safety
Adverse events in NB-and placebo-treated Week 56 completers (Table 4) were similar to the previously published reports of the Safety population in each of the four clinical trials. [11] [12] [13] [14] In NB-treated clinical trial completers, nausea, constipation and headache were the most frequently reported AEs with greater incidence than placebo.
Among NB participants who had lost ⩾ 5% at Week 16, the most frequent (⩾10% incidence with NB) AEs observed during the trials were: nausea (29.2%), constipation (28.8%), headache (16.7%), upper respiratory tract infection (11.5%) and dry mouth (10.8%). In Week 16 non-responders on NB, the most frequent AEs observed across the clinical trials were nausea (28.2%), constipation (18.2%) and headache (16.6%). Consistent with previously published reports, AEs with NB were transient; the incidence of AEs was lower after the Week 16 assessment.
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DISCUSSION
In this combined analysis of the phase 3 COR program, weight loss in the first 4 months of NB treatment was associated with greater weight loss at 1 year for all evaluated early thresholds. Specifically, weight loss of at least 5% at Week 16 in participants randomized to NB was associated with mean weight loss of approximately 12% at Week 56; 85% of these participants had a Week 56 weight loss of at least 5%, and 57% achieved ⩾ 10% weight loss. These data support the clinical recommendation in the prescribing information for NB, which requires assessment for 5% weight loss after 12 weeks of treatment with the maintenance dose of NB (that is, at Week 16). ⩾ 2% 75% (73%, 77%) 5% (4%, 6%) 20% (18%, 22%) ⩾ 3% 75% (72%, 77%) 11% (9%, 13%) 15% (13%, 17%) ⩾ 4% 73% (70%, 75%) 18% (16%, 20%) 10% (8%, 11%) ⩾ 5% 66% (63%, 68%) 28% (26%, 31%) 6% (5%, 8%)
Week 12 ⩾ 2% 76% (74%, 79%) 2% (2%, 3%) 21% (19%, 24%) ⩾ 3% 78% (75%, 80%) 5% (4%, 7%) 17% (15%, 19%) ⩾ 4% 78% (76%, 80%) 10% (8%, 12%) 12% (10%, 14%) ⩾ 5% 74% (71%, 76%) 17% (15%, 19%) 9% (7%, 11%)
Week 16
⩾ 2% 76% (73%, 78%) 2% (1%, 3%) 22% (20%, 25%) ⩾ 3% 78% (76%, 80%) 4% (3%, 5%) 18% (16%, 20%) ⩾ 4% 81% (79%, 83%) 6% (5%, 8%) 13% (11%, 15%) ⩾ 5% 80% (78%, 82%) 10% (8%, 11%) 10% (9%, 12%) Abbreviation: NB, naltrexone ER/bupropion ER. Results presented are percent (95% exact (Clopper-Pearson) CI).
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Because participants in the phase 3 clinical trials were allowed to continue study treatment for 1 year regardless of early weight loss, the effectiveness of an early threshold in identifying Week 56 5% responders and non-responders could be evaluated with this phase 3 clinical data. A number of early assessments were evaluated as indicators of achievement of 5% weight loss at Week 56, and in general, most of the lower thresholds and earlier thresholds would have allowed a larger number of nonresponders to continue treatment for 1 year, or would have removed a greater number of responders with little improvement in the ability to remove non-responders from treatment. Thus, the clinically recommended threshold of 5% weight loss at Week 16 was accurate in 80% (95% CI: 78-82%) of cases, with misclassifications evenly divided between inaccurate predictions of failure and inaccurate predictions of success. While the proportion Week 56 ⩾ 5% weight loss responders who were correctly identified with the Week 16 ⩾ 4% and ⩾ 5% thresholds were similar, the ⩾ 4% threshold suggested a greater tendency to allow long-term non-responders to continue treatment. The threshold prior to Week 16 that most closely approximated the performance of the clinically recommended threshold was ⩾ 4% weight loss at Week 12. This is the first combined analysis of weight loss in the four COR clinical trials. Consistent with reports of each of the clinical trials, [11] [12] [13] [14] participants who received NB treatment had greater weight loss compared with placebo. Importantly, over 2.5 times as many participants achieved the clinical recommendation of ⩾ 5% weight loss after Week 16 in the phase 3 COR trials with NB versus placebo (Figure 1b) , and almost 90% of participants who achieved this early threshold continued NB treatment for the duration of the clinical trial. The magnitude of weight loss observed in these NB responders at 1 year has been associated with significant reductions in cardiovascular and metabolic risk, [18] [19] [20] improvements in other weight-related measures such as sleep apnea, 21 urinary incontinence 22 and quality of life, 23 and can prevent or delay the development of diabetes. 24 Individual participant weight loss at Week 56 varied greatly around mean weight loss within the combined group of all NB responders (as depicted in Figure 2d) , and a similar pattern was observed separately within each trial type (Supplementary Figure 1, right panel) . This may be important information for physicians and patients when discussing patient expectations about weight loss.
The phase 3 COR clinical trials incorporated a diverse population that was broadly representative of the general obese population. Differences in patient type (with or without type 2 DM) and background lifestyle therapy (standard vs intensive) are known to influence the effectiveness of pharmacotherapy and were examined in discrete clinical trials. Week 56 mean weight loss among NB-treated participants who had ⩾ 5% weight loss at Week 16 varied by clinical trial type (Supplementary Figure 1; left  panel) ; however, the ability of the Week 16 ⩾ 5% weight loss criteria to predict a 5% weight loss at Week 56 is consistent in participants across each of the four COR clinical trials. It is important to note that the observations discussed above regarding the performance of various early weight loss thresholds in the integrated phase 3 clinical trial analysis also hold true when looking only at participants with type 2 diabetes or participants who received intense behavior modification therapy (Supplementary Table 2 ). Thus, in clinical practice, overweight/ obese patients who achieve at least 5% weight loss by Week 16, including those affected by type 2 diabetes, would be expected to experience improvements in cardiovascular and metabolic risk factors.
This analysis was conducted to predict the experience with NB in clinical practice. To this end, we excluded results in participants who received a lower dose of NB (NB16) that was evaluated in the COR-I clinical trial but was not approved for weight management therapy. 10, 11 Compared with NB, NB16 resulted in lower mean weight loss at Week 56 and a smaller proportion of participants achieving clinically significant weight loss of at least 5% at Week 56, despite a similar safety and tolerability profile. Conversely, a higher dose of NB (NB48), which was evaluated in the latter half of COR-II in non-responders, was included in the analysis even though it is not approved for weight management because NB48 produces similar weight loss and has a safety and tolerability profile that is similar to NB. 10, 12 A limitation of this analysis is that participants in these trials were not required to demonstrate 5% weight loss at Week 16 (or any of the alternative weight loss early thresholds) to continue treatment and as such, participant behavior around these thresholds may differ in real world use. Finally, long-term data from the placebotreated participants who were early responders are not presented in the manuscript because the valid placebo-controlled comparison is the achievement of the early weight loss threshold (Figure 2a) , a threshold that was achieved by approximately two and a half times the proportion of participants compared with placebo group. The relatively low proportion of participants who were on placebo and achieved substantial early weight loss with the background lifestyle modification exhibited, as would be expected, substantial weight loss over the long term (−8.8% (s.e. 0.52) at 1 year).
CONCLUSION
Early identification of patients who are unlikely to achieve clinically meaningful weight loss with a weight management medication reduces the risk of unnecessary exposure. The NB prescribing information recommends an evaluation after 12 weeks of maintenance therapy (approximately 16 weeks after initiation of dosing), using 5% weight loss as a threshold for continuing treatment. This is the first analysis of the COR phase 3 clinical trials to assess the relationship between early (Week 16) and long-term (Week 56) weight loss for NB, and to evaluate the effectiveness of the early responder threshold in identifying patients who will achieve clinically significant weight loss at Week 56. This analysis demonstrated that the majority of NB participants achieved this early threshold, and of the participants who achieved this threshold, nearly 90% continued treatment for 1 year and achieved a mean weight loss of nearly 12%. Early and long-term weight loss with naltrexone/bupropion K Fujioka et al
